The objective of this study was to evaluate the effects of supplements with different crude protein (CP) contents on grazing cattle intake, digestibility, ruminal fermentation pattern, and nitrogen (N) metabolism characteristics during the rainy season. Five ruminal and abomasal cannulated Holstein×Zebu steers (296 kg body weight, BW) were used in a 5×5 Latin square design. The animals grazed five signal grass paddocks (0.34 ha). The five treatments evaluated were: Control (no supplement) and 1.0 g of supplement/kg BW with 0, 330, 660, and 1,000 g of CP/kg as-fed. The supplement was composed of starch, soybean meal, urea, and ammonium sulphate. There was a positive linear effect (p≤0.033) of the CP content in the supplements on the organic matter (OM), CP, and digested OM intakes. The provision of supplements did not increase (p≥0.158), on average, total and ruminal digestibilities of OM and CP. However, the increase in CP content in the supplements caused a positive linear effect (p≤0.018) on ruminal digestibilities of OM and CP. Additionally, a quadratic effect of the CP contents of the supplements were observed (p = 0.041) for the ruminal digestibility of neutral detergent fiber corrected for ash and protein, with the highest estimate obtained with the CP content of 670 g/kg. The supply of supplements increased (p<0.001) the ruminal ammonia N concentration, which also changed linearly and positively (p<0.001) according to increase in CP content in the supplements. The apparent N balance and relative N balance (g/g N intake) were not, on average, changed (p≥0.164) by the supplements supply. However, both showed a tendency of a linear increase (p≤0.099) with increasing supplement CP content. The supplements increased (p = 0.007) microbial N production in the rumen, which also changed linearly and positively (p = 0.016) with increasing supplement CP content. In conclusion, protein supplementation in grazing cattle during the rainy season, while stimulating voluntary forage intake, results in higher efficiency of N utilization when compared to energy supplementation. This is a possible response to increased microbial protein synthesis in the rumen and improved N status in the animal body.
INTRODUCTION
The majority of tropical beef cattle production is based on tropical grasses under grazing as the primary nutrient resource. Such characteristics are determined by the relatively low cost of digestible energy from grasses, mainly from fibrous compounds . However, tropical grasses are rarely considered to represent a balanced diet for grazing cattle, as they exhibit one or more nutritional constraints which may limit forage intake, digestibility, or the metabolizability of absorbed substrates. For this reason, and in order to avoid constraints on animal production via an appropriate supplementation program, a demand exists for the identification of the nutritional limitations of tropical pastures. This would result in improvements in animal performance and the overall production efficiency (Detmann et al., 2014a, b) .
During the rainy season, tropical grasses present faster growth and greater nutritive value compared to the dry season. Nevertheless, regarding improved animal performance, the utilization of the nutrients from pastures during rainy season is not considered to be optimal.
According to studies in Australia and Brazil, a potential improvement in weight gain of 200 g/animal/d could be obtained by using a correct supplementation program (Poppi and McLennan, 1995; Paulino et al., 2008) . The nutritional evaluation of tropical grasses under grazing during the rainy season indicates an unbalanced energy-toprotein ratio exists, with a relative excess of energy. Therefore, supplementation programs should focus primarily on the establishment of a dietary balance by increasing protein content in the diet. This dietary adequacy would allow for the utilization of this relative excess of energy from forage and convert it into body weight (BW) gain (Costa et al., 2011c) . For this reason, supplementation during the rainy season should focus primarily on protein supplementation (Detmann et al., 2014a; Lazzarini et al., 2016) .
Protein supplementation has been widely utilized for cattle under grazing during the rainy season (Figueiredo et al., 2008; Porto et al., 2009; Costa et al., 2011a) . This pattern has characterized changes in the focus of supplementation utilization and type, since energy supplements were widely utilized in the rainy season without showing optimal improvements in nutritional performance and animal production (Detmann et al., 2014a; Lazzarini et al., 2016) . However, comparative evaluations regarding protein and energy supplementation on nutritional and metabolic effects on animals under grazing in the tropics remain scarce.
Therefore, the objective of this study was to evaluate the effects of supplements with different crude protein (CP) contents in grazing cattle during rainy season on intake, digestibility, ruminal fermentation pattern, and characteristics of nitrogen metabolism.
MATERIAL AND METHODS
The experiment was conducted between January and March of 2010 (during the rainy season) at the Department of Animal Science at the Universidade Federal de Viçosa, Viçosa, Minas Gerais State, Brazil (20°45'S, 42°52'W). All surgical and animal care procedures were approved by the University Animal Care Committee, that was registered under the protocol number 16/2010.
Five ruminally and abomasally fistulated Holstein×Zebu steers, averaging 296±14 kg of BW, were used in a 5×5 Latin square design. The steers were kept in individual signal grass (Brachiaria decumbens Stapf.) paddocks of approximately 0.34 ha. Water and a mineral mixture were available to the steers at all times. A corral annexed to the paddocks was used for management of animals and sampling.
Five treatments were evaluated: a control (without supplementation) and supplements formulated to contain 0, 330, 670, and 1,000 g of CP/kg as-fed, provided daily at 1 g of supplement (as-fed)/kg BW. The supplement containing 0 g CP/kg was composed entirely of corn starch (Amisol 3408, Corn Products Co, Santana do Parnaíba, SP, Brazil), whereas supplement containing 1,000 g CP/kg was composed by soybean meal (740 g/kg) and a mixture of urea:ammonium sulphate (9:1; 260 g/kg). The supplements with 330 and 660 g CP/kg corresponded to the replacement of 1/3 and 2/3 of the corn starch by the protein supplement. The supplement amount was calculated based on each animal's BW at the beginning of each experimental period, and infused once daily (1200h) in the rumen of animals during the experimental period.
Each experimental period lasted 16 d, with 5 d for supplement adaptation and 11 d for sample collection. Steers were weighed at the beginning and at the end of each experimental period. The available forage in the pasture was estimated by cutting five square areas (0.5×0.5 m) in each paddock that were randomly chosen on the first day of each experimental period. The samples were oven-dried (60°C), processed in a knife mill (1-mm), and analysed for dry matter (DM) content (method INCT-CA G-003/1; Detmann et al., 2012) . The average forage availability during the experiment was 4.20±0.12 ton DM/ha.
The evaluation of the consumed forage was performed by hand-plucked sampling that was performed on the first, fifth, and ninth days of each experimental period. The samples were oven-dried (60°C) and processed in a knife mill (TE-650, Tecnal, Piracicaba, SP, Brazil) to pass through a 2-mm screen sieve. Approximately 50% of the ground material was processed again in the same mill to pass through a 1-mm screen sieve. Pooled samples were produced for each paddock and experimental period.
Fecal excretion was estimated using titanium dioxide as an external marker. The marker was infused (20 g/d) into the rumen of each animal at 1200h from the first to the eighth day of each experimental period. Fecal and abomasal samples were taken from the rectum of each animal according to the following schedule: Sixth day, 0800h and 1400h; seventh day, 1000h and 1600h; and eighth day, 1200h and 1800h. The fecal and abomasal samples were oven-dried (60°C) and processed as previously described. Pooled samples were produced for each animal and experimental period.
Samples of ruminal fluid were taken on the ninth day of each experimental period at 0600h, 1200h, 1800h, and 2400h to evaluate the rumen pH, ruminal ammonia nitrogen (RAN), and volatile fatty acids (VFA; acetate, propionate, and butyrate) concentration. The samples were collected manually from the liquid-solid interface of the rumen mat, filtered through a triple layer of cheesecloth, and submitted for a pH assessment using a digital potentiometer (TEC-3P-MP, Tecnal, Piracicaba, SP, Brazil). Then, an 8-mL aliquot of ruminal fluid was fixed with 2 mL of a metaphosphoric acid solution (250 g/L) and frozen (-20°C) for subsequent analysis of VFA. A 40-mL aliquot was subsequently fixed with 1 mL of H 2 SO 4 (500 g/L), and frozen (-20°C) for posterior RAN analysis. Rumen microorganisms were isolated on the nineth day of each experimental period. Samples of rumen contents were taken immediately before (1200h) and 6 h after the supplementation (1800h), according to Cecava et al. (1990) .
On the tenth day of each experimental period, urine spot samples were obtained two hours before (1000h) and four hours after (1600h) supplementation. The samples were filtered through cheesecloth, and a 10-mL aliquot was separated, diluted with 40 mL H 2 SO 4 (0.036 N), and frozen (-20°C). Concomitantly to the urine samples, blood was collected from the jugular vein of each animal using test tubes containing separator gel and a coagulation accelerator (BD Vacuntainer SST II Advance, Becton Dickinson and Company, Franklin Lakes, NJ, USA). The samples were centrifuged at 2,700×g for 20 minutes to obtain the serum, which was frozen (-20°C).
Forage, supplements, abomasal digesta, and fecal samples (processed to pass through a 1-mm screen sieve) Table 1 ).
The fecal samples were evaluated for titanium dioxide content according to a colorimetric method (method INCT-CA M-007/1; Detmann et al., 2012) . The fecal excretion of DM was obtained as the ratio of the daily dose to the fecal content of the marker. The estimates of forage intake were obtained using indigestible NDF (iNDF) as an internal marker. The iNDF contents in feces and forage were estimated in the samples processed to pass a 2-mm screen sieve using a 288-hours in situ incubation procedure (method INCT-CA F-008/1; Detmann et al., 2012) . Digesta flow entering the abomasum was calculated by dividing average intake of iNDF by abomasal concentration of iNDF.
The RAN content in the ruminal fluid samples was evaluated using an indophenol colorimetric method (method INCT-CA N-006/1; Detmann et al., 2012) . The concentrations obtained at the different sampling times were pooled by animal and period to obtain a single value that represented the average daily RAN concentration.
Ruminal pH values were combined in a similar manner. Rumen fluid samples for VFA analysis were pooled by animal and experimental period (equal volumes per sampling time) and analysed by high-performance liquid chromatography as described by Batista et al. (2016) .
Blood serum samples, after thawing, were analysed for urea concentration (enzyme-colorimetric method, Bioclin K047, Quibasa Química Básica Ltda, Belo Horizonte, MG, Brazil).
After thawing, urine samples were pooled by animal and experimental period and then analyzed for creatinine contents estimated by the modified Jaffé method (Bioclin K016-1, Brazil), total nitrogen (N) content (method INCT-CA N-001/1; Detmann et al., 2012) , and urea (enzymecolorimetric method, Bioclin K047, Brazil). Total urinary volume was estimated using the ratio of creatinine excretion per unit of BW to its concentration in the urine (Chizzotti et al., 2006) . The rumen microorganism samples were oven dried (60°C) and assessed for DM, CP (as described above), and purine bases (Ushida et al., 1985) contents. The purine bases were used to assess microbial concentrations in the abomasal digesta based on the N RNA :N total ratio in rumen microorganisms.
Statistical analysis were performed using the MIXED procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC, USA) according to a 5×5 Latin square design including the fixed effect of treatments and the random effects of animals and experimental periods. Comparisons among treatments were performed by using a set of orthogonal contrasts, which included an overall comparison between supplemented and non-supplemented treatments and the linear, quadratic, and cubic effects associated with the CP content in the supplements (0, 330, 670, and 1,000 g/kg). Statistical significance was considered at p≤0.05, and tendencies were considered at 0.05<p≤0.10. All data from 2 steers (treatment with 0 g CP/kg and 1,000 g CP/kg in the first and fifth period, respectively) were lost because of problems unrelated to the treatments. 
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RESULTS
The intake (kg/d) of total DM, forage DM, OM, CP, NDFap, digested OM (DOM), and digested NDFap were, on average, improved (p≤0.023) by the supplementation (Table 2 ). In addition, there was a positive linear effect (p≤0.033) of the supplement CP content on OM, CP, and DOM intakes. There was a tendency (p≤0.08) of linear increase in total DM and forage DM intake due to increasing levels of supplement CP content. The variation of CP concentration in the supplements did not affect (p≥0.219) the NDFap and digested NDF intakes. No effect of the supplements was observed (p≥0.11) on iNDF intake.
Upon comparing voluntary intake values in relation to the BW of animals (g/kg BW), it was observed that supplementation increased (p≤0.007) total DM, forage DM, OM, and NDFap intakes. Additionally, total DM, forage DM, and OM intakes were linear and positively affected (p≤0.025) by varying the CP concentration in supplements, while NDFap intake tended to increase linearly (p = 0.094) with increases in supplement CP content (Table 2) .
Supplementation did not affect (p≥0.158) total OM and CP digestibilities or dietary DOM content when compared to the control treatment; though supplementation increased (p = 0.041) total NDFap digestibility (Table 3 ). The increase in supplement CP content had a positive linear effect (p = 0.007) on total CP digestibility, and tended (p = 0.069) to linearly increase OM digestibility. A tendency for a quadratic effect (p≤0.099) of supplement CP content on the total NDFap digestibility and dietary content of DOM were observed. For these two variables, the tendency for a quadratic effect was associated with higher observed estimates with a CP concentration of 670 g/kg and a small decrease when the CP content was increased to 1,000 g/kg (Table 3) .
On average, the provision of supplements did not increase (p≥0.105) the ruminal digestibilities of OM, CP, and NDFap (Table 3) . However, increasing supplement CP content caused a positive linear effect (p≤0.018) on ruminal digestibilities of OM and CP. Additionally, a quadratic effect of the supplement CP content was observed (p = 0.041) for the ruminal digestibility of NDFap, with the highest estimate obtained with a CP content of 670 g/kg. No effect was observed (p≥0.155) on the intestinal digestibilities.
On average, supplement supply decreased (p = 0.003) ruminal pH compared to the control (Table 4 ). In addition, there was a cubic effect (p = 0.017) of supplement CP content on this variable. An inspection of treatment means indicates that there was a decrease in ruminal pH with the replacement of protein supplement by starch. Supplying supplements increased (p<0.001) RAN concentrations, which also were linearly and positively (p<0.001) affected by CP content in supplements.
Total VFA concentrations in rumen fluid was decreased (p = 0.026) by providing supplements (Table 4) . Additionally, the change in supplement CP content caused a tendency for a quadratic effect (p = 0.057) on total VFA concentrations, with more prominent decreases observed for the intermediate CP contents (330 and 670 g/kg). ------------------------------------------------------------------kg/d -------------------------------------------------------------- -------------------------------------------------------------g/kg of BW ----------------------------------------------------------- Supplementation increased (p = 0.014) the molar proportion of butyrate, but did not change (p≥0.23) the acetate and propionate molar proportions, or the acetate:propionate ratio in the ruminal fluid. The propionate molar proportion decreased linearly (p = 0.02), whereas the acetate molar proportion tended to increase linearly (p = 0.064) with increasing supplement CP content. Therefore, there was a positive linear effect (p = 0.036) of supplement CP on the acetate:propionate ratio (Table 4) . Supplementation increased (p<0.001) serum urea N (SUN) concentrations, which also increased linearly (p<0.001) with increasing supplement CP content (Table 5) . Supplementation also increased (p≤0.014) N intake and urinary N excretion, but did not affect (p = 0.494) the fecal N excretion. However, there was a tendency for a quadratic effect (p = 0.082) of CP content on urinary N excretion. The quadratic effect was attributed to a small decrease in excretion observed for the supplement at 330 g CP/kg. Likewise, urinary urea N excretion showed a quadratic effect (p = 0.037) and a similar pattern of total urinary N excretion. Fecal N excretion was not affected (p≥0.799) by supplement CP content. The apparent N balance (NB; g/d) and relative N balance (RNB; g/g nitrogen intake) were not, on average, changed (p≥0.164) by the supplementation (Table 5 ). However, both exhibited a tendency to increase linearly (p≤0.099) with increasing supplement CP content. Supplementation increased (p = 0.007) microbial N production in the rumen (NMIC), which also changed linearly and positively (p<0.016) with increasing supplement CP content. No effect was observed (p≥0.168) 
DISCUSSION
The supplementation provided in this study stimulated forage intake (Table 2) , with strong evidence of a positive interaction effect between forage and supplement on dietary nutritional value . However, this positive effect on intake was not homogeneous among the supplements, as an observed increased on forage intake as the protein content of supplements increased.
During periods of rapid growth for tropical grasses, such as the rainy season, the available forage represents a diet containing a relative excess of energy in relation to protein concentration (Detmann et al., 2014a) . Thus, considering that a balanced protein-to-energy ratio is a determining factor for maximizing voluntary intake (Illius and Jessop, 1996; Forbes, 2003) , adding protein via supplementation could provide improved dietary equilibrium. This could decrease the metabolic discomfort of the animal, avoiding the replacement of forage by supplement and, in some cases, stimulating greater amounts of forage intake, as observed in this study (Table 2) . Detmann et al. (2014b) reported that forage intake is maximized by raising the dietary CP:DOM ratio close to 288 g/kg, a value similar the one obtained through supplementation with a supplement protein content of 1,000 g CP/kg (Figure 1) .
Additionally, the provision of protein supplements has been associated with improvements in N status in the body. Nitrogen status defines the quantitative and qualitative availability of N compounds for all physiological functions in animal metabolism, including functions associated with the metabolism of other compounds, such as energy substrates (Detmann et al., 2014b) . Increases in voluntary forage intake have been associated with adjustments of N status (Egan, 1965; Egan and Moir, 1965; Kempton et al., 1977) . In spite of a small stimuli on ruminal digestion of fiber with increasing supplement CP content, it is reasonable to assume that most of the stimuli on forage intake caused by supplemental CP (Table 3) would predominantly stem from post-digestive or metabolic effects (Egan and Moir, 1965; Detmann et al., 2014b) .
Moreover, the use of exclusive energy supplement (0 g CP/kg) did not result in a numeric decrease in forage intake compared to the control treatment (Table 2) , which apparently contradicts the previous results presented by other authors studying in tropical conditions (Detmann et al., 2001; Costa et al., 2011b) . However, the CP content of forage in this study (122.5 g CP/kg DM) was above the typical average values observed in tropical grasses during the rainy season (94.2 g CP/kg DM; Detmann et al., 2014a) . Thus, in such a situation, energy supplementation would cause less interference on the dietary protein-to-energy ratio (Figure 1 ), leading to the absence of deleterious effects on forage intake, which was also observed by Lazzarini et al. (2016) . At least part of the positive effects of the energy supplement on intake may be associated with stimulation of NMIC (Table 5 ), which provides an increased level of MP through the additional energy provided via supplementation. Although no negative effect was observed on the ruminal digestibility of fiber, on average, an observed increase in total NDFap digestibility was observed when providing supplements (Table 3) . Under normal conditions, supplementation increases the occurrence of the "carbohydrate effect", which increases competition for essential nutrients between groups of microbial species (ElShazly et al., 1961; Mould et al., 1983) and disfavours the use of insoluble fiber by fibrolytic microorganisms (Costa et al., 2008; Zorzi et al., 2009) , which presents lower growth rates and subsequently reduced competitive capacity (Carvalho et al., 2011) . However, the high protein concentration of forage used in this study (Table 1 ; Figure  1 ) may have decreased the competition for N substrates in the rumen (Zorzi et al., 2009) , thereby preventing the occurrence of the prominent negative effects of non-fibrous carbohydrates on the rumen digestion of insoluble fiber. In this situation, the stimulations were observed on rumen microbial production (Table 5) , supporting the increased ruminal utilization of fiber carbohydrates resulting from supplementation. However, when the ruminal digestion of fiber is evaluated between supplemented animals, it was discovered that the use of energy supplements resulted in a lower utilization of fiber in the rumen compared to protein supplements. This indicates the presence of competition between microbial species, which appear to be reduced to the same extent that CP content in the supplement is increased (Table 3) . This behaviour is supported by the positive association of protein concentration in supplements and RAN concentration (Table 4) , indicating the increased availability of N substrates for microbial growth.
Supplementation did not lead to alteration of ruminal and total digestibilities of CP (Table 3) . However, this behaviour must be viewed with caution when this type of comparison is based on the average response to supplemented treatments. An inspection of the individual means indicates that only energy supplementation lead to the depressed ruminal digestion of CP, causing concomitant reduction in the total CP digestibility (Table 3) . Since the use of energy and protein represents an integrated system in the rumen (Nocek and Russell, 1988) , it is understood that an exclusive starch supplement resulted in the improved microbial assimilation of N from forage, resulting in greater NMIC compared to the control treatment (Table 5) . As in this treatment, no additional supply of N existed, and greater microbial nitrogen assimilation decreased the N losses by diffusion-implying a decreased apparent digestibility of CP in the rumen, and adversely affecting dietary DOM content (Table 3 ). The RAN concentration was higher with the supplementation of starch compared to the control (Table 4) , which is possibly due to a higher level of urea N transfer from the bloodstream, as this is stimulated by an increase in the amount of digested OM in the rumen (Kennedy et al., 1981; NRC, 1985) .
The linear relationship between CP content in the supplement and CP ruminal digestibility (Table 3) is associated with the increase in RAN concentration (Table 4) , which leads to increased transportation of N by diffusion into the bloodstream (NRC, 1985) , which increases the SUN concentration (Table 5 ) and the apparent digestibility of CP in the rumen. However, with increasing CP intake ( Table 2) , there is a decreased contribution of metabolic fecal N to total fecal N (Van Soest, 1994), which causes increases in the total digestibility of CP (Table 3) .
On average, supplementation did not affect NB or the efficiency of dietary N utilization, as measured by the relative balance of N compounds (BNR; Table 5 ). Similar to the observations for ruminal and total digestibilities of CP, this behaviour must be viewed with caution when the comparison is based on the average response behaviour of supplemented treatments. Thus, an individual inspection of the means led to the realization that exclusive starch supplementation depressed NB and RNB. However, the increase in supplementary CP content linearly increased the NB and efficiency of N utilization (Table 5) .
In ruminant animals, deposition of body tissue corresponds to interactive process in which the efficiency of utilization of metabolizable energy and protein are interrelated (Schroeder and Titgemeyer, 2008; Lazzarini et al., 2016) . Upon analysing the increases in energy intake (i.e. DOM intake) and NMIC with exclusive starch supplementation compared to the control treatment (obtained with supplementation minus what was obtained in the control treatment), it was discovered that an excess of protein supply in relation to energy supply to metabolism occurred (Figure 2 ). This excess protein led to the increased elimination of nitrogenous compounds via urine, while decreasing the efficiency of N utilization (Table 5) . Thus, energy supplementation, although it stimulated the forage intake, failed to improve N accretion in the body. This behaviour corroborates with the statement made by Detmann et al. (2014a) , which suggested that energy supplementation for grazing animals during the rainy season may result in unoptimized effects on animal performance. It is noteworthy that increases in supplement CP content decreased the ratio of microbial CP on DOM intake compared to the control treatment (Figure 2) .
On the other hand, increased N concentration incurred a linear increase on NB and RNB, reflecting the benefits of the exclusive protein supplementation (1,000 g CP/kg) for grazing animals during the rainy season. Considering the differences in NB and NMIC between supplements with 0 and 1,000 g CP/kg, and assuming that microbial CP present about 64% of MP (NRC, 2001) , it is logical that the increase in NB from raising the supplement CP concentration could be explained by the increase in ruminal microbial production.
However, despite the positive relationship between NB and NMIC in treatments involving supplementation, the trend of increasing N retention with an increase in supplemental CP cannot be fully explained by an increase in NMIC once a concomitant rise of urinary losses of N exists was observed (Table 5) . Thus, the indirect effects of protein supplementation appear to act on the efficiency of N utilization by the animals. This behaviour reinforces the notion of post-digestive effects of protein supplementation, possibly associated with an increase in N status of the animal. This increase in N supply reduces the proportion of ingested N directed for survival and maintenance purposes, and increases the proportion of total N used for anabolic purposes. Consequently, it raises the overall efficiency of MP utilization (Detmann et al., 2014b; Batista et al., 2016) , which increases the production of NMIC, and explains the positive linear relationship between CP concentration in supplements and the efficiency of N utilization (Table 5 ).
CONCLUSION
Energy supplementation for grazing cattle during the rainy season can increase forage intake and the production of microbial protein, while decreasing the efficiency of nitrogen utilization in animal metabolism. Moreover, apart from stimulating voluntary forage intake, protein supplementation besides to stimulate voluntary forage intake, results in greater efficiency in nitrogen utilization when compared to energy supplementation, representing a possible result of increased microbial protein synthesis in the rumen and improvements in nitrogen status in the body.
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